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WOODPECKER ABUNDANCE AND HABITAT USE IN MATURE 
BALSAM FIR FORESTS IN NEWFOUNDLAND 
MICHAEL A. SETTERINGTON,' Biopsychology Programme, Memorial University of Newfoundland, St. John's, NF A1B 3X9, 
Canada 
IAN D. THOMPSON,2 Canadian Forest Service, 1219 Queen Street East, Sault Ste. Marie, ON P6A 5M7, Canada 
WILLIAM A. MONTEVECCHI, Biopsychology Programme, Memorial University of Newfoundland, St. John's, NF A1B 3X9, 
Canada 
Abstract: Availability of the oldest age-class of balsam fir (Abies balsamea) forest, the major forest type of 
western Newfoundland, is declining through logging, insect effects, and management for a 60-year harvest 
rotation. Loss of old-growth balsam fir forests may limit the availability of woodpecker habitat if nesting trees 
and feeding substrates are most abundant in these later successional stages. We assessed abundance of black- 
backed woodpeckers (Picoides arcticus), downy woodpeckers (P. pubescens), and hairy woodpeckers (P. villosus) 
in 10 stands in each of 3 forest age classes (40-59, 60-79, and >80 yr) of balsam fir in western Newfoundland. 
For each stand, we quantified 10 habitat variables that may have influenced habitat use by woodpeckers. Black- 
backed woodpeckers were almost exclusively found in >80-year-old forests. Density of black-backed wood- 
peckers was significantly related to number of large snags, but negatively to the total number of dead stems. 
Downy woodpeckers were common and similarly distributed among the 3 forest age classes, and hairy wood- 
peckers were uncommon and only observed in the 40- and 60-year age classes. Downy and hairy woodpeckers 
were significantly associated with the number of white birch snags in the stands, a resource that declined with 
forest age. A reduction in the amount of forest in the oldest age class is probably reducing the population of 
black-backed woodpeckers in western Newfoundland. We recommend a series of fixed-width transects, coupled 
with point counts using call broadcasts, as an effective means of surveying woodpeckers. Forest managers must 
maintain large areas of old forests, temporally and spatially, to maintain black-backed woodpeckers in New- 
foundland. 
JOURNAL OF WILDLIFE MANAGEMENT 64(2):335-345 
Key words: Abies balsamea, balsam fir, black-backed woodpecker, downy woodpecker, hairy woodpecker, 
Newfoundland, old growth, Picoides arcticus, Picoides pubescens, Picoides villosus. 
Concern over loss of old-aged forests is com- 
mon throughout North America (Leverett 
1996). Forests dominated by balsam fir are the 
major forest types of Newfoundland, Canada 
(Damman 1983), but the amount of natural-or- 
igin, old balsam fir forest has been reduced pri- 
marily through clearcut logging and a lethal out- 
break of hemlock looper (Lambdina fiscellaria) 
in 1987 (Thompson 1991). On the western part 
of the island, about 24% of the area described 
by Rowe (1972) as the Corner Brook boreal for- 
est region (region B28.b) is currently in the old- 
est age class (>80 yr), whereas about 17% exists 
1 Present address: AXYS Environmental Consult- 
ing, P.O. Box 2240, 2045 Mills Road West, Sidney, BC 
V8L 3S8, Canada. 
2 E-mail: ian.thompson@nrcan.gc.ca 
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in age class 60-79 years as second-growth for- 
ests (i.e., regrowth following logging). Within a 
decade, much of the >80-year age class will ei- 
ther be harvested or die, because balsam fir is 
a short-lived species. The relatively small area 
of forest in the current 60-79-year age class, 
that will become the next old-growth forest, 
coupled with ongoing harvesting of this age 
class, will result in considerably less old forest 
within 10-20 years. Harvesting some of the next 
60-79-year age class (now 40-59 yr old) for 
pulpwood is also inevitable over the next de- 
cade, particularly since many of these stands 
were pre-commercially thinned to enable more 
rapid growth than in self-thinning stands. Some 
<80-year-old stands are already being harvested 
because of their accessibility and high rates of 
regrowth on productive forest sites. Haney and 
Schaadt (1996) noted that the truncation of for- 
est age rarely is discussed with respect to wild- 
life responses, but a rotation age of 60 years for 
balsam fir forests may have negative conse- 
quences for sustaining biological diversity. 
Thompson and Curran (1995) showed that 
there were differences in the mammalian com- 
munities between >80-year-old uncut and 60- 
79-year-old second-growth stands in Newfound- 
land, with marten (Martes americana) and field 
voles (Microtus pennsylvanicus) only found in 
the old forests. 
Newfoundland's balsam fir forests differ from 
most boreal forest types because they do not 
require fire to naturally regenerate. These eco- 
systems do not undergo dramatically different 
successional stages (i.e., in terms of species 
composition) following logging (Bakuzis and 
Hansen 1965). Instead, forests of all ages are 
dominated by balsam fir at decreasing densities 
with age, ranging from >20,000 stems/ha as 
shrubs, to older stands of approximately 2,000 
stems/ha (Meades and Moores 1989, Thompson 
and Curran 1995). Balsam fir stands are short- 
lived and the old-growth stage may only last 20- 
30 years, and trees >100 years are exceptional. 
Cavity-nesters are a group of species that may 
be especially affected by a decline in the oldest 
age classes of forest, because it is these stands 
that maintain high densities of large snags 
(Thomas et al. 1988, Angelstam and Mikusinski 
1994, Haney and Schaadt 1996). Sufficiently 
large snags are important for nesting by most 
woodpecker species (Evans and Conner 1979, 
McComb et al. 1986), and availability of such 
trees may limit some woodpecker populations 
(Wood et al. 1985, Bull and Holthausen 1993). 
Guidelines have been established by various 
management agencies to provide suitable cavi- 
ty-nesting habitat in commercial forests (Thom- 
as et al. 1979). Our study reports on the wood- 
pecker species that breed in balsam fir ecosys- 
tems of western Newfoundland: black-backed 
woodpecker, three-toed woodpecker (Picoides 
tridactylus), downy woodpecker, and hairy 
woodpecker. Northern flickers (Colaptes aura- 
tus) are also found in Newfoundland (Mactavish 
et al. 1999), but are usually associated with 
clearings and edges rather than continuous for- 
est. 
Black-backed woodpeckers and three-toed 
woodpeckers are most frequently reported in 
spruce (Picea spp.) and pine forests (Pinus spp.; 
Bock and Bock 1974). However, these types are 
rare in western Newfoundland, except for low- 
land black spruce (Picea mariana) that occurs 
in bogs and small tracts of wet-site forests. 
Black-backed woodpeckers typically are uncom- 
mon throughout their range, but may become 
locally abundant in recently burned forests (Vil- 
lard and Beninger 1993, Villard 1994, Hutto 
1995). In eastern North America, black-backed 
woodpeckers are more common than three- 
toed woodpeckers, often greatly out-numbering 
the latter during population peaks in preferred 
habitats (Yunick 1985). Downy woodpeckers 
and hairy woodpeckers are common throughout 
the forests of insular Newfoundland (Mactavish 
et al. 1999). Elsewhere, downy woodpeckers are 
reported to be restricted to areas of moist de- 
ciduous growth in mixed-coniferous forests 
(Short 1982). Recently, Whitaker and Monte- 
vecchi (1997) and Thompson et al. (1999) re- 
ported studies of songbirds from western New- 
foundland and found that woodpecker species 
occurred in low abundances. Our research fol- 
lowed the latter study to assess possible differ- 
ences in use by woodpeckers among stands in 
the various mature age classes in balsam fir for- 
ests. We were particularly interested in black- 
backed woodpeckers because this species ap- 
peared to be old-growth dependent (Thompson 
et al. 1999), possibly making them susceptible 
to decline under a short-rotation management 
regime, where old balsam fir forests would be 
in short supply. Our objective was to survey and 
compare abundances of woodpecker species 
among mature age classes of balsam fir forests. 
We were especially interested in differences in 
woodpecker species and abundances between 
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uncut >80-year-old forests and those in the old- 
est second-growth forests, which were at rota- 
tion age. We predicted that the highest densi- 
ties of all the woodpecker species would be 
achieved in the oldest forest stands because of 
expected higher snag density. 
STUDY AREA 
Our study area was approximately 2,500 km2 
of the Newfoundland west coast balsam fir for- 
est type (B. 28b, Rowe 1972). It extended about 
140 km north to south from the upper Humber 
River Valley (49037'N, 57'12'W), to immediate- 
ly south and west of Little Grand Lake 
(48035'N, 57050'W). The area had a cold, wet 
maritime climate, received about 1,300 mm of 
precipitation annually, and had an average an- 
nual frost-free period of 130 days (Banfield 
1983). Located on a coastal plain west of the 
Long Range Mountains, the area had a rolling 
to rugged topography with numerous bedrock 
outcrops and interrupted drainages. Shallow, 
coarse, podsol soils were characterized by a high 
cobble component, and supported forests dom- 
inated by balsam fir. Scattered admixtures of 
white birch, trembling aspen (Populus tremu- 
loides), and white spruce (Picea glauca) oc- 
curred on suitable sites, and larch (Larix lari- 
cina) and black spruce dominated on wetter 
sites and riparian areas. 
METHODS 
Stand Selection 
We chose stands based on age and dominant 
tree species as determined from forest resource 
inventory mapping and industrial cutting rec- 
ords. Forest resource inventory procedures de- 
fine a forest stand as being sufficiently uniform 
in age, species composition, and site type that 
it can be distinguished from adjacent stands. 
Our 30 stands were randomly selected, but 
choice was constrained by several criteria (see 
below) and stand accessibility. We pooled stands 
ranging in age from 40-47 years since logging 
into age class 40 (n = 10); those stands 52-73 
years since logging were our age class 60 (n = 
10); and uncut stands, ranging from 77-87 years 
old, were our age class 80 (n = 10). We based 
stand ages on the mean of 20 randomly sampled 
dominant trees per stand. To eliminate possible 
area effects, selected stands were part of larger 
forest complexes of a minimum size of 3 km2, 
and not fragments isolated by edges of recently 
logged stands. However, one edge of most 
stands was adjacent to a road. It was important 
that our samples were taken from continuous 
forests because some woodpecker species have 
large home ranges (e.g., reported black-backed 
woodpecker home ranges are 72-328 ha [Wink- 
ler et al. 1995]). Our uncut stands near Little 
Grand Lake were distinctly separated by lakes 
and bogs, but were necessarily located within a 
radius of a few kilometers of each other as this 
was the only remaining uncut forest on our 
study area. 
Stand Characterization 
We characterized forest stands by density and 
species composition of woody vegetation in- 
cluding: trees, canopy cover, standing dead 
trees, and woody debris on the ground. Stem 
density of trees (diameter at breast height [dbh] 
>10 cm), small trees (>3 m tall and <10 cm 
dbh), and dead trees or snags (stem height >3 
m) was measured using the plotless point-dis- 
tance technique of Batcheler (1975) at 100 ran- 
dom points per stand. We recorded height, dbh, 
and species for each stem. These data provided 
the following variables: stem density, species 
stem densities, mean tree height, coefficient of 
variation in tree height (a measure of canopy 
profile), and proportion of trees in various stem 
size classes (e.g., snags >20 cm). Woody debris 
(number of logs >10 cm diam) was assessed on 
10 equilateral triangular 90 m transects (30 m 
on a side) per stand (McRae et al. 1979) on a 
subsample of 5 stands in each age class that 
were used for a study of small mammals 
(Thompson and Curran 1995). Canopy closure 
was measured with a forest densiometer by tak- 
ing 4 readings at each of 50 random points per 
stand. We compared individual habitat variables 
among forest age classes by 2-way ANOVA to 
characterize differences among stand age class- 
es. We then used least significant difference 
tests (LSD; Day and Quinn 1989) to test for 
differences between pairs of forest age classes. 
Surveys for Woodpeckers 
We assumed that where woodpecker density 
was highest, there must be some quality of hab- 
itat that is beneficial to woodpecker populations 
(Anderson and Gutzwiller 1994). However, we 
concur with Van Horme (1983) that unless pro- 
ductivity is measured, the value of selected hab- 
itats to fitness cannot be certain. 
Each of our 30 stands contained 5 survey 
points located 200 m apart to avoid counting 
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the same birds more than once. To ensure that 
all birds heard drumming or calling were within 
the stand being measured, all points were >100 
m from stand edges. We surveyed each stand 
twice during a 6-week period from 27 May to 
7 July 1991-94. Surveys commenced 30 min af- 
ter sunrise and were completed before 1030. 
The same 2 observers surveyed the same stands 
in 1991-92. One of those observers also sur- 
veyed the same stands in 1993-94, but a differ- 
ent observer surveyed the other stands in those 
years. Two sites were visited each day by each 
of the 2 observers. 
It is difficult to survey woodpeckers accurate- 
ly because of their large home ranges and often 
secretive nature. We used a point-count method 
which provided a measure of relative abun- 
dance (Blondel et al. 1981, Bibby et al. 1992; 
D. A. Welsh, Canadian Wildlife Service, per- 
sonal communication). In 1993-94, we also 
broadcasted calls and drumming of woodpeck- 
ers to attract birds (Mosher et al. 1990), in the 
order of black-backed, three-toed, downy and 
hairy woodpeckers (Library of Natural Sounds, 
Cornell Laboratory of Ornithology, Ithaca, New 
York, USA). Calls included a mixture of drum- 
ming and vocalizations that are associated with 
territorial defense (Short 1982). This method 
was used in an attempt to attract any wood- 
peckers that may otherwise have remained un- 
detected during a normal point count (Johnson 
et al. 1981, Marion et al. 1981). 
In 1991-92, we recorded woodpeckers heard 
or seen during a 10 min period. In 1993-94, 
the first 2 min of the 10-min survey were spent 
listening for birds. After the initial 2 min, we 
broadcasted woodpecker calls using a durable 
and compact monaural tape system with a 35 
dB signal to noise ratio, and amplified through 
speakers with a frequency range of 150-15,000 
Hz. Each call was broadcast for 1-min intervals, 
with 1 min of silence between each call to allow 
the observer to record responses. During call 
broadcasting, we continuously scanned for 
woodpeckers. While there are identifiable dif- 
ferences in the drumming and calling of the dif- 
ferent species of woodpeckers (Short 1982, El- 
lison 1992, Kaufman 1993), we relied on visual 
identification for confirmation of species and 
sex. We did not conduct surveys during periods 
of strong winds (>20 km/hr) or heavy rain, be- 
cause these conditions may have affected ob- 
server performance or bird behavior (Dawson 
1981). 
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Table 2. Mean IPA values (number of presumed pairs) for woodpeckers from all stands (n = 30 stands/yr), by year and observer 
method (point counts and response to broadcast of woodpecker calls), from balsam fir forests of western Newfoundland, 1991- 
94. Means followed by the same letter are not different across rows (P > 0.05). 
Point count Call broadcast-point count 
1991 1992 1993 1994 
Species t SE SE i SE i SE 
Black-backed woodpecker 0.13A 0.06 0.32A 0.12 0.17A 0.09 0.0 
Downy woodpecker 0.50A 0.15 0.30A 0.12 0.92B 0.19 0.70B 0.17 
Hairy woodpecker 0.03A 0.03 0.08A 0.06 0.08A 0.04 0.0 
Northern three-toed woodpecker 0.0 0.0 0.03 0.03 0.0 
Data Analyses 
We translated individual counts into numbers 
of pairs if a drumming male, pair, occupied 
nest, or a family group were observed (similar 
to the calculation of an 'Indice Ponctual 
D'Abondance' [IPA], Blondel et al. 1981). Sin- 
gle birds seen or heard calling were scored as 
0.5 pairs (Blondel et al. 1981). We used the 
highest of the counts from the 8 visits to each 
point in each stand over the 4 years of the study 
as the measure of abundance for each species 
by stand. Prior to analysing differences in wood- 
pecker occurrence among forest age classes, we 
compared the results of the 2 survey methods 
(point count and call broadcast) because they 
may have resulted in different numbers of birds 
detected. Results for downy woodpeckers were 
sufficiently numerous to allow analysis by para- 
metric statistics. Log-transformed IPA values 
for downy woodpeckers were compared by 2- 
way ANOVA using the 2 main effects of year 
and survey method. We visually examined resid- 
ual plots to ensure normality (Draper and Smith 
1981). We used Kruskal-Wallis tests to assess 
among-year changes in numbers of hairy wood- 
peckers and black-backed woodpeckers that 
may have been related to the 2 survey methods, 
because of low numbers and their uneven dis- 
tribution. There were too few observations of 
three-toed woodpeckers to permit analysis. 
We assessed importance of habitat variables 
to use of forest stands by woodpeckers through 
regression modeling. We examined for correla- 
tions among habitat variables, and eliminated 1 
of the pair if r > 0.60, prior to relating wood- 
pecker species abundance to habitat values 
within stands by multiple regression models. 
Sufficient observations enabled linear regres- 
sion modeling for downy woodpeckers. Logistic 
regression was performed based on presence or 
absence within individual stands for black- 
backed woodpeckers and hairy woodpeckers. 
For all regression models, we used the same 
technique: stepwise forward regression was 
used to select important habitat predictor vari- 
ables for each species. Selected variables were 
then placed into final complete models to en- 
sure adequacy of fit and to avoid unstable prob- 
ability values (Rexstad et al. 1990). 
RESULTS 
We found differences in several habitat vari- 
ables among the 3 ages of forest (Table 1), de- 
spite their similar appearance and tree heights. 
The oldest stands were distinguished from ei- 
ther of the younger mature age classes by their 
Table 3. Mean IPA values (number of presumed pairs) values for woodpeckers counted in stands of different ages of balsam 
fir forests in western Newfoundland, 1991-94. Means followed by the same letter do not differ across rows (P > 0.05; n = 10 
stands per age class in each of 4 yr). 
Second-growth forest 
40 yr 60 yr Uncut old forest >80 yr 
Species x SE i SE SE 
Black-backed woodpecker 0.02A 0.03 0.01A 0.01 0.43B 0.11 
Downy woodpecker 1991-92a 0.43A 0.17 0.25A 0.12 0.53A 0.21 
Downy woodpecker 1993-94a 1.07A 0.28 0.55A 0.16 0.80A 0.21 
Hairy woodpecker 0.05A 0.03 0.10A 0.05 0.0A 
Northern three-toed woodpecker 0.03 0.03 0.0 0.0 
a Downy woodpecker numbers are reported in 2-year groups, as counts differed between 1991-92 and 1993-94 because of different survey 
techniques used. 
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lower stem densities of trees, small trees, and 
snags, greater density of large snags, greater 
mean snag height and diameter, and by a more 
open canopy. The 40-year-old stands had a 
higher density of deciduous snags (primarily 
dead and declining white birch) than the 60- or 
80-year-old stands. 
We observed no differences in number of 
birds detected for any species between 1991 
and 1992 using the point-count method, or be- 
tween 1993 and 1994 using the call broadcast 
point-count method (Table 2; downy woodpeck- 
er ANOVA, P > 0.80; hairy woodpecker and 
black-backed woodpecker, P > 0.90 in 1991- 
92). We recorded neither of the latter species 
in 1994. We detected no difference between 
the 2 survey methods in numbers of hairy 
woodpeckers recorded (U = 857.5, P = 0.402) 
or black-backed woodpeckers (U = 964.0, P = 
0.439; with or without the zero counts from 
1994). Therefore, numbers of those 2 species 
were compared among forest age classes for all 
years. However, there was a greater number of 
downy woodpeckers that responded to call 
broadcasts compared to those recorded by point 
counts alone (F1, 29 = 6.28, P = 0.023; Table 2). 
Therefore for this species, we tested response 
to forest age class separately for each pair of 
years. 
We found that black-backed woodpeckers 
were uncommon in all balsam fir age classes 
and were absent from the study area in 1994 
(Tables 2 and 3). There were significantly more 
black-backed woodpeckers in 80-year-old forest 
stands compared to either of the younger age 
classes (Table 3; H = 27.3, P < 0.001). We re- 
corded only 1 three-toed woodpecker during 
the 4 years. Downy woodpeckers were the most 
common species in balsam fir forests, and we 
recorded a similar number among stand age 
classes in 1991-92 (P = 0.309), and in 1993-94 
(Table 3; P = 0.412). Hairy woodpeckers were 
also uncommon, with 7 sightings during 1993- 
94, none of which were in the 80-year-old 
stands. However, we found no significant dif- 
ference in numbers of hairy woodpeckers 
among stand age classes (Table 3; P = 0.324). 
Of the habitat variables (Table 1), only coarse 
woody debris was eliminated from the analysis 
of woodpecker response to habitat because it 
was correlated with snags >20 cm dbh. The 
best linear regression model for downy wood- 
peckers indicated that tree density and number 
of dead white birch were important variables 
influencing habitat selection (R2 = 0.43, F3, 26 
= 6.37, P = 0.002). For hairy woodpeckers, 
presence of the birds was related to the number 
of white birch snags (logistic regression; t = 
3.46, P < 0.001), and resulted in a 79% suc- 
cessful prediction of forest age class choice. 
Presence of black-backed woodpeckers was as- 
sociated with 2 predictor variables: density of 
snags >20 cm dbh (logistic regression; t = 2.68, 
P = 0.007), and negatively to the total number 
of dead stems (t = -2.73, P = 0.006). This 
model enabled a successful prediction of pres- 
ence or absence of black-backed woodpeckers 
of 72%. 
DISCUSSION 
Our hypothesis of greatest occurrence of all 
woodpecker species in the oldest forest stands 
was supported for black-backed woodpeckers, 
but appeared to be false for downy and hairy 
woodpeckers. Determining population density 
of small, widely-dispersed woodpecker popula- 
tions generally has proven difficult (Amman and 
Baldwin 1960, Evans and Conner 1979, Spytz 
1993, Virkkala et al. 1994, Hutto 1995). How- 
ever, our data from 4 breeding seasons consis- 
tently showed that black-backed woodpeckers 
rarely occurred in balsam fir forests <80 years 
old. Therefore, we believe that reducing the 
availability of these old forests will result in a 
decline in this species in western Newfound- 
land. The absence of black-backed woodpeckers 
in our 1994 surveys concurred with observations 
from a longer-term study in Finland (Virkkala 
1989), which indicated that resident avian spe- 
cies had a high variation in density among years. 
For a specialized species at low density, an ab- 
sence may only be temporary from sites that are 
necessary for long-term existence (Haila 1994). 
A similar response by black-backed woodpeck- 
ers to forest age has been reported elsewhere, 
although small samples have often precluded 
statistical testing (Evans and Conner 1979, Hel- 
le and Jirvinen 1986, Virkkala 1989, Virkkala et 
al. 1994, Villard 1994). 
Our combined counts of black-backed wood- 
peckers and three-toed woodpeckers were low, 
but higher than those from a mixed-wood bo- 
real forest of northeastern Ontario (IPA = 0.01; 
Spytz 1993). The few observations of black- 
backed woodpeckers and three-toed woodpeck- 
ers in the latter study occurred in uncut forest 
-70 
years of age. Evans and Conner (1979) es- 
timated a combined density of black-backed 
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and three-toed woodpecker pairs at 3.3 pairs/ 
km2, based on an estimated territory size of 30 
ha in the northeastern United States. Excep- 
tionally high combined densities of black- 
backed and three-toed woodpeckers of 40 birds/ 
km2 were reported 2 years after a fire in boreal 
mixed-wood forest in Alaska (Murphy and 
Lehnhausen 1998). 
Hutto (1995) concluded that the small num- 
bers of black-backed woodpeckers in unburned 
forests in Montana may have occupied sink hab- 
itats, and that these populations were main- 
tained by birds emigrating from burns when 
conditions became less suitable 5-6 years after 
a fire. In that study, black-backed woodpecker 
populations may have been maintained either 
by refuges of low numbers in unburned forests, 
or a patchwork of recently burned areas. In 
western Newfoundland, where insect defolia- 
tion replaces fire as the primary cause of stand 
mortality, endemic populations of black-backed 
woodpeckers may respond to an increase in 
wood-boring insect abundance in recently de- 
foliated stands. Dead trees provide a suitable 
substrate for wood-boring insects up to 5 years 
after defoliation (Warren 1989), and weakened 
trees may persist several years longer. Our anal- 
yses suggested that snags related to occurrence 
of black-backed woodpeckers were large (>20 
cm) and probably afforded more suitable nest- 
ing and foraging substrates than would smaller 
trees. Black-backed woodpecker occurrence 
was also related to a lower number of snags in 
old stands compared to the higher number of 
snags in younger stands, suggesting it is the 
quality, not the number of snags, that is impor- 
tant. Angelstam and Mikusinski (1994) also sug- 
gested that large snags are important to certain 
woodpecker species. Within the last century, 
balsam fir forests in Newfoundland have expe- 
rienced at least 8 insect defoliations of epidemic 
proportions that affected hundreds of thousands 
of hectares. Yearly endemic, localized insect de- 
foliation events that occur throughout the bal- 
sam fir forest maintain a mosaic of 100s of hect- 
ares in various stages of morbidity (A. Carroll, 
Canadian Forest Service, personal communi- 
cation), after which areas of dead and dying 
trees provide suitable substrate for wood-boring 
insect larvae. The endemic defoliation events 
likely provide habitat that supports small pop- 
ulations of black-backed woodpeckers between 
severe outbreaks. Therefore, we believe that the 
quality of the old-growth balsam fir forest hab- 
itat to black-backed woodpeckers varies among 
years, depending on the level of attack by in- 
sects. 
Our stand age classes differed structurally 
from each other, and several stand characteris- 
tics were related to use by individual wood- 
pecker species. Use of younger mature stands 
by downy and hairy woodpeckers was affected 
by the higher densities of white birch snags in 
these stands than in older stands. On our study 
area, white birch often becomes established in 
forests following harvesting, but dies out once 
the dominant balsam fir reaches maturity and 
shades the birches (Meades and Moores 1989). 
Many white birch trees had fallen by 60 years 
of age, and the species was virtually absent in 
our old forests. Other studies from eastern 
North American forest types showed that 
downy woodpeckers and hairy woodpeckers are 
associated with a variety of mixed species and 
hardwood forest types (Erskine 1977, Thomp- 
son and Capen 1988, Derleth et al. 1989, Welsh 
and Lougheed 1996), and that white birch pro- 
vides a favored feeding substrate (Kilham 
1970). Welsh and Capen (1992) suggested that 
availability of nesting sites did not limit downy 
or hairy woodpecker abundance in older hard- 
wood forests of the northeastern United States. 
However, the scarcity of hairy woodpeckers in 
our study likely reflected their requirement for 
higher densities of hardwood trees as substrates 
for foraging and nesting than occurred in New- 
foundland balsam fir-dominated stands. 
Downy woodpeckers were more abundant in 
balsam fir forests of Newfoundland than in 
mixed spruce-fir-aspen-birch stands in north- 
eastern Ontario (IPA = 0.03; Spytz 1993), sim- 
ilar to densities in intolerant hardwood forests 
of Prince Edward Island (IPA = 0.20), but less 
than in thinned 50 to 100-year-old tolerant 
hardwood stands on the same study (IPA = 
0.43; Sabine and Makepeace 1990). Hairy 
woodpeckers were less abundant in our balsam 
fir forests than in the mixed forests of north- 
eastern Ontario or in tolerant hardwood stands 
of Prince Edward Island (Sabine. and Make- 
peace 1990). Downy woodpeckers and hairy 
woodpeckers would probably be unaffected by 
shortened harvest rotations in balsam fir forests, 
assuming a residual standing hardwood com- 
ponent remains following harvesting. 
Recommendations for Future Research 
To determine the abundance of woodpeck- 
ers, we recommend that transects and point 
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counts be used together. Observers should walk 
transects with a minimum length of 1 km, pe- 
riodically stopping at promising locations (e.g., 
signs of recent feeding, or at groups of trees in 
various stages of morbidity) to broadcast wood- 
pecker calls. This method has proved to be ef- 
ficient for locating red-breasted sapsuckers 
(Sphyrapicus ruber), hairy woodpeckers, and 
northern flickers in Douglas-fir (Pseudotsuga 
menziesii)-western hemlock (Tsuga heterophyl- 
la) forests and forest edges on northern Van- 
couver Island, British Columbia, Canada (M. A. 
Setterington, AXYS Environmental Consulting, 
unpublished data). Density can be estimated 
from variable-width transects for which robust 
sampling methods are available (Buckland et al. 
1993). A sample of transects should be surveyed 
with all woodpeckers heard and their perpen- 
dicular distance to the transect recorded. Tran- 
sect width would not be fixed, but observers 
should decide a maximum distance at which to 
truncate observations as a final distance class, 
because of excessive time locating distant birds 
and returning to the transect line. However, 
such surveys must be extensive to gain an ade- 
quate sample of each species of woodpecker be- 
cause of large home ranges. Observers should 
look for signs of recent woodpecker activity as 
well as birds. Areas of recent or old feeding and 
nesting activity are preferred locations for 
broadcasting calls to attract silent woodpeckers. 
Stopping and listening for the faint tapping of 
an excavating or feeding woodpecker will often 
facilitate detection of woodpeckers that may be 
missed if the observer continuously walks tran- 
sects. However, Verner (1986) concluded that 
because of the low abundance of pileated wood- 
peckers (Dryocopus pileatus) in northwestern 
United States, total costs would exceed 
$1,000,000/year to detect a 10% change (with 
95% confidence) in numbers from random sam- 
pling between years. The same effort would 
likely be required for intensive surveys of black- 
backed and hairy woodpeckers in Newfound- 
land. 
Nest searches could also be used as an inven- 
tory method of woodpecker use of forests. Al- 
though labor-intensive, number of nests pro- 
vides a measure of absolute density of breeding 
woodpeckers. Further, establishing nesting suc- 
cess by monitoring nests can provide evidence 
of relative fitness of woodpeckers in various 
habitat types or ages of forests. For example, Li 
and Martin (1991) used a simple index of nest- 
ing success to suggest fitness of woodpeckers in 
relation to nest site features. 
Understanding the spatial distribution and 
amount of suitable habitat on a landscape is es- 
sential to understanding woodpecker popula- 
tion dynamics (Dunning et al. 1995, Turner et 
al. 1995). Some woodpecker species need large 
areas, with old-growth properties, because of 
their relatively large body size and large home 
ranges, but may be able to use groups of smaller 
patches spread across a landscape (Dunning et 
al. 1992, Angelstam and Mikusinski 1994) if 
suitable patches are not excessively small or dis- 
persed (Virkkala 1991, Bull and Holthausen 
1993, Virkkala at el. 1994). Therefore, studies 
are required of sufficient duration (7-10 yr) and 
on a scale that can provide reliable information 
of age of reproduction, survival rates, and ju- 
venile dispersal and population turnover (Ver- 
ner 1992). Large scale and long time periods of 
study would enable assessment of optimal and 
suboptimal habitats to determine how popula- 
tions maintain themselves as relative availabili- 
ties of these habitats change. For example, in 
much of North America, fire suppression efforts 
over the past 50 years may have altered long- 
term population dynamics of species, such as 
black-backed woodpeckers, that respond nu- 
merically to transient habitats created by fires 
in old forests. 
MANAGEMENT IMPLICATIONS 
Black-backed woodpeckers are found consis- 
tently in the oldest conifer forest types, except 
when recently burned areas are available. In 
western Newfoundland, their unique occur- 
rence in old forests probably reflects availability 
of large cavity trees that were only available in 
these late successional stands. Setterington 
(1997) reported that nest sites were in large 
snags located in relatively open areas. Such ar- 
eas were typical of sites resulting from small 
insect defoliation outbreaks or blowdowns typ- 
ical of old balsam fir forests. Under a short-ro- 
tation management regime, such habitat would 
become even more rare than at present, espe- 
cially in intensively managed, pre-commercially 
thinned forests. Although costly, it may be pos- 
sible to mimic small endemic insect infestation 
in pre-commercially thinned, second-growth 
forests by killing small numbers of trees by gir- 
dling (at least 100 stems/ha, or about 4-5% of 
the trees in a stand), when the stand reached 
50 years of age, to provide sources of food and 
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nesting substrates for black-backed woodpeck- 
ers. Further, maintaining white birch trees in 
managed stands rather than eliminating them, 
as is the current practice during thinning op- 
erations, would support future populations of 
hairy and downy woodpeckers when these for- 
ests grow to maturity. 
While it is difficult to provide an operational 
definition of a snag because it may be variable 
for each woodpecker species (Carey 1983), 
there is sufficient information to suggest that 
forest managers should focus on landscape and 
stand features that affect woodpecker popula- 
tions and distribution, rather than on require- 
ments for minimum viable populations (Probst 
and Crow 1991). The most effective method to 
ensure ample black-backed woodpecker nesting 
habitat is to exempt certain large old-forest ar- 
eas across a landscape from commercial, or 
post-insect defoliation salvage harvesting on a 
temporally rotating basis (Goggans et al. 1988). 
In Newfoundland, managers should assume 
that eradication of old balsam fir forests will af- 
fect the persistence of black-backed woodpeck- 
ers and other forest interior birds (Thompson 
et al. 1999), and therefore include old forests in 
landscape planning and management modeling 
to avoid loss of biological diversity (Thomas et 
al. 1988, Thompson and Welsh 1993). 
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